ABSTRACT The present study investigated the interaction of stocking density and cool perch availability on broiler chickens raised at high ambient temperature (>30.8°C). Behavior, live performance, and the incidence of footpad and hock burns and abdominal plumage damage were investigated over a 4-wk experimental period. A total of 1,152 one-day-old Arbor Acres chicks were subjected to a 2 (cool perches) × 3 (stocking densities) factorial arrangement of treatments. From 1 d of age, birds were provided with or without cool perches at each of 3 stocking densities (12, 16, or 20 birds/ m 2 ; low, medium, or high stocking density, respectively) and corresponded to 48, 64, and 80 birds per pen. The perch design provided 380 cm of linear perching space in each treatment pen. The results showed that high stocking density decreased the growth (P < 0.05) and welfare (P < 0.01) of broilers. Cool perch availability increased BW gain and feed conversion efficiency of broilers (P < 0.05) regardless of stocking density. The birds' use of cool perches increased with age (P < 0.01) and decreased with higher stocking density (P < 0.05). The accessibility of cool perches changed birds' behavior patterns (P < 0.01) and reduced footpad or hock burns and damage to abdominal plumage (P < 0.05). These results suggest that cool perches have a favorable effect on the performance and welfare of broilers.
INTRODUCTION
In modern poultry operations, stress can arise from a variety of factors, such as elevated rearing densities and high summer temperatures. These unfavorable or stressful environmental conditions can negatively affect the birds' well-being, compromising their performance. It has been argued that environmental enrichment by provision of perches may help address these issues (Ventura et al., 2010) . Modern lines of broilers are typically not provided with perches in commercial flocks, mainly because perch use is relatively low at moderate and high stocking densities (LeVan et al., 2000; PettitRiley and Estevez, 2001) . Nevertheless, broiler chickens prefer to roost on cool perches when exposed to high environmental temperatures because they obtain a cooler microclimate (Reilly et al., 1991; Estevez et al., 2002; Zhao et al., 2012) .
Many studies have been published on the relationship between stocking density and perch availability. High stocking densities (HSD) in broilers are associated with a reduction in growth performance, including feed intake (FI), BW gain (BWG), and feed conversion ratio (FCR; Puron et al., 1995; Estevez et al., 1997; Feddes et al., 2002; Dozier et al., 2005 Dozier et al., , 2006 Estevez, 2007; Zuowei et al., 2011) ; carcass composition, such as breast muscle yield ; and welfare state, reflected in an increased incidence of leg problems (Sørensen et al., 2000; Sanotra et al., 2001) , which may be related to the reduced level of activity and available floor space. Providing broilers access to perches may be an effective means of increasing space availability in the third dimension, thereby mitigating stress levels in part and increasing air flow among the birds (Hughes and Elson, 1977; LeVan et al., 2000; Pettit-Riley and Estevez, 2001) . If the broilers use the perches infrequently, availability of the latter may actually increase stress because of further reduction in available floor space (Heckert et al., 2002) . Previous studies have demonstrated that noncooled perches have a limited effect on the performance and welfare status of broilers that are stocked at high densities (Bizeray et al., 2002) . The interaction between stocking density and cool perches, however, deserved further investigation.
Increased heat production has been proposed as an explanatory factor for the decreased growth perfor-mance at HSD (reviewed by Bessei, 2006) , especially in hot environments. Under these conditions, airflow at the level of the birds is often reduced, decreasing convective thermolysis. Beloor et al. (2010) reported that the expression of genes related to heat stress responses (e.g., heat-shock protein 70) was upregulated by HSD. Birds benefit from the cooling effect of water-chilled perches by establishing body contact with them, hence allowing conductive heat transfer away from the bird (Reilly et al., 1991; Estevez et al., 2002; Zhao et al., 2012) . Given the increasing perch use during the summer, we hypothesized that cool perches would improve the growth and welfare of broiler chickens stocked at high densities.
We and other researchers have determined whether cool perches would be preferred by commercial broilers exposed to a hot ambient environment, and subsequently, whether utilization of these perches would improve performance and the well-being of birds beyond that of noncooled perches (Reilly et al., 1991; Zhao et al., 2012) , but only at a single density of approximately 12 or 16 birds/m 2 . The HSD (20 birds/m 2 ) chosen for this experiment was used to examine the effect of cool perches at this density that is known to decrease the health and welfare of broilers. The primary objective of the present study was to determine the interactions between stocking density and cool perch availability on growth, behavior, and the development of footpad dermatitis, leg weakness, and abdominal plumage damage. Additionally, blood parameters related to the adaptive response were determined.
MATERIALS AND METHODS

Experimental Design
The pen design (floor, 2 m × 2 m), complete details on the cool perches that provided 380 cm of linear perching space in each pen and achieved cooling by a constant flow (400 mL/min) of tap water (10°C) throughout the experiment, and the source and raising conditions of the birds (Arbor Acres) to their slaughter ages were identical to those used in our previous study (Zhao et al., 2012) . Additional experimental details, relevant to the present study, are provided here.
A total of 1,152 one-day-old male hatchlings were randomly divided into 18 groups and assigned to 1 of 2 cool perch treatments at 1 of 3 stocking densities (2 × 3 factorial design with 3 replications). Cool perches were compared with no perches starting at 1 d, with cool water being turned on at 14 d. Stocking densities for the experiment were low (LSD), medium (MSD), and high (HSD), corresponding to 12 (48 birds/pen), 16 (64 birds/pen), and 20 (80 birds/pen) birds/m 2 , respectively. The present study was approved by Shandong Agricultural University and conducted according to the Guidelines for Experimental Animal Research of the Ministry of Science and Technology, PR China.
Data Collection
Ambient Temperature. All of the chickens were exposed to the ambient temperature starting at d 7. Actual pen temperatures were measured 4 times daily (0800, 1200, 1600, and 2000 h), 30 cm from the litter surface.
Growth Performance. At the end of each week, FI and BWG were recorded on a per-replicate basis, and FCR was calculated.
At 42 d of age, after a 12-h overnight fast, 3 randomly selected birds from each replicate were killed by stunning and exsanguination. The heart, liver, abdominal fat, right breast, and deboned thigh muscles were harvested and weighed individually, then expressed as percentages of BW.
Subsequently, the carcasses with intact skin covering the excised areas were placed in sealed plastic bags and stored overnight at 4°C. At 4 h postmortem, a meat sample was cut from the left pectoralis major (PM) and biceps femoris (BF) with a 20 × 20 mm punch (10 mm in depth), perpendicular to the muscle fiber direction, and was used for the measurement of drip loss. Meat samples were obtained again at 24 h postmortem (about 20 mm from the previous sampling area) for the analysis of cooking loss.
Meat Quality Variables. Drip loss was measured in duplicate, as described by Young et al. (2004) . Samples were placed, without contact and with the fiber direction of the muscle samples horizontal to gravity, in a container covered with polyethylene film to avoid evaporation and held at 4 to 6°C for 48 h; drip loss was determined by differential weighing.
Cooking loss was estimated using the method of Sante et al. (2000) . For each muscle sample, 2 scallops were vacuum-packed in polyethylene bags and cooked in a water bath at 85°C for 15 min (endpoint temperature of 75°C). Samples were weighed before cooking, cooked, drained, and reweighed. Cooking loss was expressed as the percentage of weight before cooking.
Behavioral Observations. Behavioral observations were made, twice a day, during the last 4 d (4 to 7 d) in wk 4, 5, and 6. Observations were from 0830 to 1130 h and from 1430 to 1730 h using the instantaneous scanning technique (Martin and Bateson, 1986) . The number of birds eating, drinking, perching, and panting was recorded in each pen, taken sequentially every 10 min. Perching was defined as a bird sitting, standing, or walking with both feet on the perch for more than 2 s (LeVan et al., 2000; Pettit-Riley and Estevez, 2001) . If the bird was not perching but was in physical contact with the perch (e.g., resting its head or wing on the perch), it was recorded as being in contact with the perch. To avoid disturbing the behavior of the chickens, all observations were made from a distance and by a single observer, who was familiar to the chickens from being present during all sampling times.
Footpad and Hock Burns, and Abdominal Plumage Damage. At the end of wk 4, 5, and 6, all chickens in each pen were examined for footpad and hock burns and condition of the abdominal plumage. Footpad and hock burns were scored on a subjective 4-point scale following Bilgili et al. (2006) : 0 = no lesion; 1 = mild lesion, less than 0.75 cm (diameter); 2 = greater lesion, less than 1.5 cm; or 3 = severe lesion, more than 1.5 cm. The condition of plumage in the abdominal area was assessed with a modified method of Tauson (1984) . An integer score of 0 to 3 was used, where 0 indicated no damage, 1 = mild damage (less than 1/3 of total area), 2 = greater damage (more than 1/2) with mild breast blisters, and 3 = severe damage (more than 2/3) with greater breast blisters.
Plasma Variables. At 28, 35, and 42 d of age, 3 randomly selected birds from each replicate were blood sampled (1000 h, wing vein, heparinized syringe). Plasma, obtained by centrifugation at 400 × g for 10 min at 4°C, was stored at −20°C. Plasma concentrations of glucose (no. F006) and urate (no. C012) were measured spectrophotometrically with commercial diagnostic kits (Jiancheng Bioengineering Institute, Nanjing, China), which have been previously used in poultry studies (Gao et al., 2008; Yuan et al., 2008) .
Statistical Analysis
Data were analyzed using the Statistical Analysis Software (version 8e, SAS Institute Inc., Cary, NC). Prior to analysis, all data were examined for normality by examination of histograms and normal distribution plots (UNIVARIATE procedure).
Mean values per pen and per week for FI, BWG, FCR, behavioral observations, footpad and hock burn scores, and abdominal plumage condition were calculated before analysis, and the pen was considered the experimental unit. Data were analyzed using the MIXED procedure of SAS, and the time effect was also evaluated, performing a repeated measurements analysis. Fixed effects were cool perches, stocking density, age, and their interactions. Behavioral observations were subjected to arc-sine transformation before analysis to satisfy the ANOVA requirements for normality and homogeneity of variance. Lesion scores were square root transformed. Models were rerun using raw data to obtain least squares means for presentation, but Pvalues were calculated using transformed data.
For the remaining variables (namely, processing yield, meat quality indices, and plasma measurements), a 2-way ANOVA model was used to estimate the main effects of cool perches and stocking density, as well as their interactions for individual chickens. Comparisons between means used Duncan's tests, and differences were considered significant at P < 0.05.
RESULTS
In the present study, maximum diurnal temperatures in the house when the birds were 3 to 6 wk of age oscillated from 30.8 to 33.9°C for dry bulb and 27.0 to 30.2°C for wet bulb, which are typical for the region (i.e., Taian, Shandong, PR China) during summer.
Growth Performance
Overall, a higher FI was observed with a lower stocking density (LSD > MSD > HSD, P = 0.027; Table 1 ). At 6 wk of age, FI was decreased in the HSD broilers without cool perches (P = 0.042). In general terms, BW gain was higher (P = 0.021) in birds with cool perches than in those without and was progressively higher as stocking density was reduced (LSD > MSD > HSD, P = 0.003). The BWG tended to be affected by the interaction between stocking density and age (P = 0.050). At 5 and 6 wk of age, the higher stocking density decreased BWG (HSD < MSD < LSD). Compared with the controls, feed conversion ratio was lower when the cool perch was provided (P = 0.047). As stocking density decreased, the FCR was reduced (P = 0.022).
No significant effects of perch or stocking density were observed on any carcass variable (Table 2) . Compared with the controls, cool perches decreased drip loss and cooking loss in both muscles examined. As stocking density increased, drip loss tended to increase in either PM (P = 0.098) or BF (P = 0.061) muscle. There was an interaction (P = 0.026) between cool perches and stocking density for abdominal fat content. Cool perches decreased abdominal fat deposition compared with the controls in the LSD, but not MSD and HSD treatments.
Behavioral Patterns
Both perching (P = 0.003) and perch-contacting behaviors (P = 0.023) were increased in the LSD treatment (Table 3) . Perching (P < 0.001) and perch-contacting (P = 0.002) frequencies increased with age and were maximal at wk 5. There was an interaction (P < 0.001) between stocking density and age for perching behavior; LSD chickens showed a lower perching frequency at 4 wk of age compared with the HSD group, whereas the reverse was true at 5 and 6 wk of age.
Broilers in the cool perch treatment showed a lower frequency of eating (P = 0.099), drinking (P = 0.004), and panting behaviors (P < 0.001) than did the control broilers (Table 3) . As stocking density increased, the frequencies of eating and drinking behaviors decreased, whereas panting increased (P < 0.001). Eating (P < 0.001), drinking (P = 0.003), and panting (P < 0.001) behaviors increased with age and peaked at wk 6. There was an interaction of density and age for eating (P = 0.001) and drinking (P = 0.006) behaviors. The HSD chickens showed a lower frequency of eating at 4 wk and drinking at 4 or 5 wk, whereas LSD chickens had a higher frequency of eating at 5 wk. For both variables, the ranking was HSD < MSD < LSD at 6 wk of age. The interaction between cool perches and age was slight (P = 0.085) for drinking, and was significant (P < 0.001) for panting behavior. The frequency of drink- Means without a common superscript within a row differ significantly (P < 0.05).
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Means without a common superscript within a column differ significantly (P < 0.05).
1 HSD, MSD, and LSD = high, medium, and low stocking densities; FI = feed intake, BWG = BW gain, FCR = feed conversion ratio; NS = P > 0.05.
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Data are means of 3 replicates. Interaction means without a common superscript differ (P < 0.05).
m,n Perch means without a common superscript differ (P < 0.05).
1 HSD, MSD, and LSD = high, medium, and low stocking densities; PM = pectoralis major, BF = biceps femoris; NS = P > 0.05.
Probabilities from main effect or interaction F-ratios and SD from error mean square in ANOVA. Means without a common superscript within a row differ significantly (P < 0.05).
x-z
1 HSD, MSD, and LSD = high, medium, and low stocking densities; NS = P > 0.05.
Data are means of 3 replicates.
ing increased with age in birds with cool perches, but not in the controls. Panting behavior increased with age, and peaked at 5 wk in the cool perch treatment, and at 6 wk in the controls. There was an interaction of stocking density, cool perches, and age on drinking behavior (P = 0.001); availability of cool perches resulted in drinking increasing with age in LSD chickens and being maximal at 6 wk of age.
Footpad and Hock Burns, and Abdominal Plumage Condition
In contrast to footpad burns and damage to the abdominal plumage, hock burn was not observed until 5 wk (Table 4) . Compared with the controls, cool perches decreased hock burn (P = 0.016) and abdominal plumage scores (P = 0.004), and marginally reduced footpad burn scores (P = 0.052). With increasing stocking density, these scores were elevated (HSD > MSD > LSD, P < 0.001). The interaction between density and age was significant for footpad burn scores (P = 0.005). At 4 wk of age, the footpad burn scores were different for all 3 stocking densities (HSD > MSD > LSD), but at 5 or 6 wk of age, HSD and MSD seemed to be equivalent.
Plasma Variables
Plasma concentrations of glucose and urate were hardly affected by cool perches, stocking density, and their interactions (Table 5) , except for glucose concentrations being decreased (P = 0.047) in broilers with cool perches at 4 wk of age.
DISCUSSION
The present study has investigated the interactions between stocking density and cool perches on the growth and welfare of broilers of different ages, raised in a hot environment (mean daily maximum temperature of 32.5°C dry bulb and 28.7°C wet bulb).
Growth Performance
Similar to previous studies (Feddes et al., 2002; Dozier et al., 2005 Dozier et al., , 2006 Zuowei et al., 2011) , BWG, FI, and FCR were all adversely affected by the HSD treatment, indicating detrimental effects on live performance. The disadvantage of HSD appeared to be related to age. At 5 and 6 wk of age, the suppressed BWG was consistent with the findings by Dozier et al. (2005) , who found that the disadvantages on cumulative BWG from HSD were caused mainly between 35 and 49 d of age. It was speculated that some of the negative effects of HSD on live performance might stem from difficulty birds faced in accessing feeders (Sørensen et al., 2000) . In the present study, aggravated gait problems (data not shown) occurred simultaneously with decreased FI in HSD broilers from 35 to 42 d of age, suggesting that leg Means without a common superscript within a row differ significantly (P < 0.05).
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weakness around marketing age may contribute to the decreased live performance of HSD birds.
In line with a previous study (Reilly et al., 1991) , cool perches significantly increased BWG and feed conversion efficiency, suggesting that their beneficial effects reflect a thermoregulatory advantage; this was supported by the lessened panting observed here in birds provided with cool perches. In the present study, the effect of cool perches on BWG and FCR was not related to stocking density or age, indicating that the favorable growth response of birds to use of cool perches might be broadly applicable. Reilly et al. (1991) found that broilers provided with water-cooled floor perches consistently experienced greater gains, greater feed consumption, and superior efficiency of gain during each heat exposure week, but the gains were not always statistically significant.
Perch Use and Behavioral Patterns
In agreement with findings of previous studies using noncooled perches (LeVan et al., 2000; Pettit-Riley and Estevez, 2001 ), use of cool perches (perching or contact) increased with age and peaked at wk 5. The greatest frequency of perch use was observed in the LSD chickens rather than, as expected, in the HSD group. The effect of stocking density on perching behavior was clearly age dependent. At 4 wk of age, HSD chickens showed a significantly higher frequency of perching compared with LSD counterparts, yet the reverse was true at 5 and 6 wk, indicating that stocking density influences cool perch use, and that HSD discouraged cool perch use by older birds. Using noncooled perches, Pettit-Riley and Estevez (2001) reported that perching frequency was significantly higher when birds were raised at stocking densities of 15 or 20 birds/m 2 compared with 10 birds/m 2 , and the pattern did not change with age. The type of perches used in different studies likely explains the different findings.
In the present study, eating and drinking behaviors decreased with increasing stocking density, similar to the observations on FI. The result suggests that feeding patterns were altered by stocking densities, and that HSD impairs access to feeders and drinkers (Sørensen et al., 2000) . Panting behaviors were progressively higher with elevated stocking density, indicating increased thermal load (Imaeda, 2000) . The effect of stocking density on eating and drinking behaviors was associated with age. The smaller differences in frequencies of eating and drinking among the stocking densities were significant either only for the HSD (at 4 wk) or LSD (at 5 wk) and only different for all 3 stocking densities at 6 wk (HSD < MSD < LSD). High stocking density had a severe effect on the feeding patterns of broilers near marketing age (36-42 d of age), indicating that a special age-related space requirement exists for birds.
The presence of cool perches barely altered eating behavior of the broilers (P = 0.10), consistent with the unchanged FI. The lower frequency of drinking and panting suggests that the cool perches, providing for conductive thermolysis, were exploited by the growing broilers exposed to the hot ambient temperatures. There was a significant interaction between cool perches and age for drinking and panting behaviors. They both peaked at different ages in birds, respectively, in the cool perch and control groups. This suggests that broiler chickens did seek the cool perches for thermoregulatory purposes as BW increased with age. When cool perches were provided, the drinking behavior of only the LSD chickens increased with age through 6 wk, indicating that stocking density influenced the overall effect of cool perches on broiler behavior.
Welfare Status
As in previous work (Sørensen et al., 2000; Moreira et al., 2006; Buijs et al., 2009; Ventura et al., 2010; Zuowei et al., 2011) , the present study found that footpad and hock lesions, and abdominal feather damage increased with HSD. Increased litter moisture in HSD conditions may be responsible for the poorer footpad, hock, and feathering conditions . The effect of stocking density on footpad burn scores was age dependent; the increase of footpad burn with age was of lower magnitude in HSD chickens than in MSD and LSD chickens (HSD > MSD > LSD at 4 wk and HSD = MSD > LSD at 5 or 6 wk). The result may suggest that broilers adjusted their use of space and walking behavior according to the level of competition for feeders and waterers, dictated by group size or stocking density (Leone et al., 2007) . As expected, availability and use of cool perches decreased these scores, indicating improved well-being of the birds. The higher frequency of perching decreased contact of the foot, hock, and keel with the litter. In the present study, cool perches had no significant interaction with stocking density or age on these scores, indicating that the benefits to the birds' welfare were consistent.
Carcass Characteristics, Meat Quality, and Stress Indicators
As in previous findings (Feddes et al., 2002; Quentin et al., 2003) , it is more difficult to modify carcass composition than to alter growth rate, whether by modifying stocking density or providing cool perches. Although the percentage of abdominal fat was the same for cool perch-treated chickens and controls reared at high and medium densities, values were lower in LSD chickens with access to cool perches. The result suggests that cool perches are favorable for lower fatness in broiler chickens reared at low density, consistent with the higher perching or perch-contacting behavior of the birds.
As stocking density increased, drip loss tended to be increased in either PM (P = 0.10) or BF (P = 0.06) muscle, indicating a detrimental effect of HSD on this index of meat quality. In broiler chickens, acute and chronic heat stress causes significantly higher drip or cooking losses (Northcutt et al., 1994; Sandercock et al., 2001; Lu et al., 2007) . The decreased drip and cooking losses found here in broilers with cool perches indicates a beneficial influence on meat quality, presumably due to enhanced thermolysis from the significantly greater perch use.
It remains unclear if HSD induces physiological stress (Estevez, 2007) . Blood concentrations of glucose and urate are sensitive indicators of stress responses (Puvadolpirod and Thaxton, 2000; Lin et al., 2004a,b) , and concentrations of glucose in plasma tended to be increased in HSD treatments Zuowei et al., 2011) . In the present study, these blood indicators were not significantly affected by stocking density, indicating no obvious influence on nutrient metabolism, in agreement with previous works Thaxton et al., 2006) . Cool perches barely had any influence on these indices of metabolism, and only plasma concentrations of glucose were decreased at 4 wk, so the complete effect of cool perches on the stress response needs further study.
In conclusion, the present study indicates that HSD decreases the growth performance and reduces the welfare of broilers. Broiler chickens showed a high frequency of cool perch use, varying with stocking density and age. Cool perch availability changed the birds' behavior patterns and reduced the development of footpad or hock dermatitis and abdominal plumage damage. The result indicates that cool perches have a favorable effect on the performance and welfare status of broilers raised at high temperatures. Potential beneficial effects of cool perches in birds reared at HSD need to be further investigated.
